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Remarks
Rare earth fluorides (such as LaF 3'
·are .used as carriers.
CeF 3 )
Rare earths cannot be separated.
Group separation of lanthanides (Ill) and actinides (IV) is possible._.
Group separation of lanthanides (III) and ·actinides (III) is not possible.
Separation of Am from lighter rare earths.
'· Group separation of lanthanides (III) and actinides (III) is possible; Li (CL, n) hazard.
U(VI), Pu(IV, VI)', Np(IV, VI)
g-out agent lS trequently current extraction is usually used.
The same as above.
Pu(IV) I (.).)
c:: However, if impurities exist in large amounts, it is not suitable to use t'he ion exchange method directly, because a great quantity of ion exchanger will be necessary to absorb the large amount of impurities. Accordingly, in such a case, it is preferable to separate the large amounts of impurities roughly prior to using the ion exchange purification.
The author chose the precipitation method as a rough method for separating the large amounts of impurities.
1. Rough separatio.n of impurities by means of the precipitation method. Table I will be applicable for the crude separation of impurities. In many cases, however, the addition of a carrier (such as La, Ce, etc.) is necessary in order to avoid the loss of americium during the separation process. Generally speaking, all impurities except rare earth elements can be separated by applying the precipitation method.
Various precipitation methods in
2. Purification by means of the ion exchange method.
Among the various ion exchange methods in Table I , the anion exchange separation using 6 -10 M HCl eluant seems to be the most attractive method as a general means of purification.
Anion exchange separation using HCl eluant has been studied carefully :13 by.K. A. Kraus and F. Nelson'. · It can be found from the results of Kraus and Nelson that nearly all impurities except alkali, alkali-earth, and rare earth elements can be separated from americium using concentrated HCl eluant.
Where 9 M HCl eluant is used, Figure 1 shows the elements which can be separated from americium. In this case, americium passes through a Dowex-1 resin column but the elements within the lines in Figure 1 are adsorbed on the resin strongly, so that the separation of these impurities from americium can be achieved easily. (For those elements with more than one oxidation state, the most stable oxidation state in usual aqueous solution is shown in Table Il) Since rare earth elements, which usually accompany americium, are not separated by the anion exchange with 9 M HCl eluant, the author intended showed that aluminum, bismuth, lanthanum, plutonium, iron; calcium, manganese and chromium were present as main impurities.
The amounts of these impurities relative to americium are given in I the column of "Before Separation" in Table IL (The figures in Table II were obtained from the spectrographic analysis and, in the case of americium and plutonium, from alpha assay.) in the purification process special care was taken to avoid the introduction of impurities from the reagentso HCl gas was. passed into conductivity water to prepare HCl aqueous, and ammonium thiocyanate was pretreated by passing a solution of it through a Dowex-1 resin column in order to separate iron from the reagent. The ion exchange resin was used after pretreating it with l M NaOH and 1 ·-l3 M HCL
The impurities which are found in large amount in the sample solution are <Uuminum, bismuth, lanthanum, and plutonium, as shown by Table U The sample solution (a total of 6. 5 liters) was divided into four parts of nearly ~qual volume and the above proced_ure was repeated four times in a standard Berkeley Box. The reason for dividing the solution into four parts was that the box was not large enough to treat the entire amount of solution at once . . Therefore 1.6 to 1. 81iters of the sample solution were treated at a time. After rough separation of the impurities, an 870 ml americium fraction (alpha activity ratio: americium 90. O% and plutonium 10. O%) and 310 ml plutonium fraction (alpha activity ratio: plutonium 96. 8% and americium 3. 2%)
were obtained.
The relative amounts of impurities after the rough separation are shown in Table II . This shows that the amounts of all impurities except lanthanum were reduced to nearly the same order as the amount of americium.
The amount of iron is believed to have increased, compared with the amount before separation, as a result of contamination by the reagents (NaOH solution especially was used in very large quantity).
The recoveries of americium and plutonium were 108% and 104%, respectively. The reason the recoveries appear to exceed 100% is probably due to a decrease in the self-absorption of alpha particles in the alpha-assay sample.
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Discussion
The following points were noticed during the rough separation:
a. The separation of aluminum using excess NaOH is not effective when the concentration of NaOH is low. The solubility of aluminum in excess NaOH increases rapidly with the increase of the NaOH concentration but suddenly decreases at around 7 M NaOH concentration as a result of a phase change~4 Therefore it may be desirable to use The procedure of purification using ion exchange was the following:
a. Separation of plutonium, iron, and other impurities. As a result of the above -mentioned purification, 95 tnl of pure americium solution ( 0. 1M HCl) was obtained. It was found that the total amount of americium was 51 mg and the recovery of americium during the purification process was nearly 100%.
The result of spectrographic analysis of about 50 !J.g of americium is shown in Table III . No impurities except aluminum and manganese could be detected. The relative amounts of impurities are shown in the "After Purification" column in Table II . It should be understood that the relative amounts of aluminum and manganese are . quite small although both were detected in spectrographic analysis.
3. Discussion.
a. Separation, of plutonium, iron, and other impurities.
In the anion exchange separation with 9 M HCl eluant, the alpha assay of the eluting solution and washing solution showed that all the americium passed through the column;
on the other hand, all the plutonium (its oxidation state was believed to be +4) was adsorbed on Dowex-1 resin. Table IV shows an example of the relative amounts of the impurities after the anion exchange separation with 9 M HCl eluant. It should be observed that aluminum, lanthanum, calcium, manganese, and chromium are not separated as expected, but bismuth, plutonium, and iron are reduced below the detection limit of spectrographic analysis. (1) Nearly all the lanthanum and americium are contained in portion ( 3).
(2) Nearly all the iron is contained in portion (2).
( 3) Major part of manganese is contained in portions ( 2) and (1}.
( 4) Aluminum is contained in portions ( 2) and (1).
Accordingly, the following interesting conclusion is derived from the above-mentioned facts.
In the case of elution from cation exchange resin with 5 M NH 4 SCN, iron and manganese can be separated from americium and aluminum will be separated from americium; on the other hand, the behavior of lanthanum is the same as that of americium. The behavior of chromium is not clear but the· separation of chromium from americium seems to be difficult.
c. Separation of lanthanum.
(1) 5 M NH 4 SCH elution.
It was confirmed that the anion exchange separation of americium and lanthanum with 5 M NH 4 SCN eluant was perfect. Table VI -·-.,.
UCRL-8748 -18- f.Lgs per entire sample (100 A) which was obtained from each fraction.
The following conclusion was obtained from americium is eluted easily; aluminum is also eluted easily and its behavior is quite similar to that of americium. As manganese is eluted a little after americium, manganese is separable from americium. Iron is eluted after americium is eluted, so that iron can be separated completely. On the other hand, americium is precipitated as the form of hydroxide and will remain on the column because the resin serves as a filter bed.
Though it is desirable to use about 5 M NaOH solution in order to dissolve aluminum, as discussed previously, the viscosity and density of 5 M NaOH seemed to be too high, so that 2 M NaOH was used.
(2) 2M NH 4 SCN elution method.
It was found that the use of 5 M NH 4 SCN in the anion ex- The use of 2 M NH 4 SCN was tried for this separation.
Comparing the results of both methods, Table VIII is obtained. From Table VIII ...
-·-.,.
sample (100 X.). tJ.gS per entire UCRL-8748 -22-V. SUMMARY As one of the general methods of purification of americium the rough separation of the impurities by using precipitation method and the purification by using ion exchange method were tried and satisfactory results were obtained. In this experiment, all impurities except aluminum and manganese were separated from americium using the anion exchange separation with 
